The properties of dental matrix resins have been improved by synthesis of new monomers. However, except for improvements in water-resistance, monomers with better mechanical properties than Bis-GMA and UDMA could not being synthesized.
Changing the point of emphasis, we tried to improve the mechanical properties controlling the matrix resin higher structure using noncovalent bonds. We prepared a matrix resin structured by UDMA, which is a high viscosity base monomer with imino groups, and by a low viscosity acidic monomer with carboxyl groups, which permits noncovalent bonds such as hydrogen bonds or electrostatic interaction with imino groups. The maximal mechanical strength for matrix resins structured by UDMA and an acidic monomer was obtained with a composition of imino groups and carboxyl groups at a ratio of 1:1. This mechanical strength value was higher than those obtained with UDMA resin or with a Bis-GMA/TEGDMA/UDMA resin with typical composition. The improvement in mechanical properties may be due to the complex based on noncovalent bonds, between the imino groups of UDMA and the carboxyl groups of the acidic monomers. The flexural strength value of UDMA/MAA with an MAA mole fraction of 0.67 resin was significantly greater than UDMA/MEP resin with the MEP mole fraction of 0.67 and UDMA resin for both specimens immersed in water and in atmospheric ambience (Table 2 ). In addition, all four mechanical properties of UDMA/MAA resin with an MAA mole fraction of 0.67 were not significantly different when comparing specimens immersed in water and in atmospheric ambience. That is, all four mechanical properties of UDMA/MAA resin with an MAA mole fraction of 0.67 were hardly affected by the immersion in water, similar to those of UDMA/MMA resin with an MMA mole fraction of 0.67.
INTRODUCTION

Water resistance
To evaluate the influence of water in UDMA/MEP resin, the mechanical properties of the specimens immersed in water were divided by the mechanical properties of the specimens in atmospheric ambience (MPwet/MPdry) (Fig. 2) . The influence of water was minimal and was not affected by the resin composition for UDMA/MEP resin with an MEP composition around 0.4. For higher MEP compositions, two kinds of influence on the mechanical properties were found. First, the mechanical properties decreased after immersion in water: the higher the MEP composition, the lower the flexural strength and modulus values after water immersion. Second, the mechanical properties increased after water immersion: the higher the MEP composition, the higher the work of fracture and maximum deflection values after water immersion.
Although Griffin's Hydrophile-lipophile balance (HLBG) values6,7) of UDMA/MEP and UDMA/MAA resins were higher than those of the UDMA/HEMA resin, the decrease in flexural strength values, when comparing specimens immersed in water with specimens in atmospheric ambience, was smaller for the UDMA/MEP and UDMA/ MAA resins (Table 2) . We analyzed 23 types of resins used in dentistry, including experimental resins, revealing that the saturated water absorption volume is directly proportional to the resin HLBG8). It was also demonstrated that HLBG was useful to interpret the effect of water on resins9,10). As the HLBG of UDMA/MEP and UDMA /MAA resins are relatively high, they were expected to be more affected by water than the UDMA/HEMA resin, and consequently present a higher level of decrease in mechanical properties. However, the UDMA/HEMA resin, which has a smaller HLBG, was more affected by water than UDMA/MEP and UDMA/MAA resins and resulted in a higher decrease in the flexural strength values. The relationship between the contact angle and composition of the UDMA/MEP resin was examined to evaluate the effect of water from the different viewpoint (Fig.  3) . The contact angle of UDMA/MEP resin gently decreased with the increase in MEP fraction when UDMA/MEP resin for an MEP mole fraction of 0.67 was removed, as indicated by the dotted line in Fig. 3 . Only that of UDMA/MEP deviated from the tendency and was bigger than expected for an MEP mole fraction of 0.67. These findings suggest that a salt or similar interaction might have occurred between the imino group of UDMA and the carboxyl group of the acidic monomer (Fig. 4) . This might have resulted from a decrease in the hydrophilic property that both functional groups presented originally.
When comparing UDMA/MEP to UDMA/MAA resins, all mechanical properties were higher for the UDMA/MAA resin. For the UDMA/MEP resin, the flexural strength and modulus values were significantly decreased and the work of fracture and maximum deflection values were significantly increased after water immersion compared with specimens in atmospheric ambience. For the UDMA/MAA resin, the tendency was similar to the UDMA/MEP resin, but the influence of water was clearly smaller, with no significant difference between specimens immersed in water and in atmospheric ambience. These findings suggested that MAA formed a stronger complex with UDMA when compared with MEP, producing good mechanical properties, and for this reason was not so much affected by water.
The importance of carboxyl group To confirm the importance of the carboxyl group in the monomer to be combined with UDMA that has the imino group, we selected an MMA transformed in methyl ester, that has a structure similar to MAA, and a HEMA with an alcoholic hydroxyl group. The results of copolymerization of UDMA with these monomers at a mole fraction of 0.67 are listed in Table 2 . The flexural strength value for UDMA/MAA resin was significantly greater than for UDMA resin when kept in atmospheric ambience. However, UDMA/MMA resin presented a flexural strength value significantly lower than for UDMA resin. The flexural strength value for UDMA/HEMA resin was slightly higher than for UDMA/MMA resin, but significantly lower than the UDMA resin. These findings show that resins structured by MMA, HEMA and UDMA, not permitting hydrogen bonding or an electrostatic interaction with the imino group, did not offer better mechanical properties than UDMA resin . It was suggested that the formation of a complex based on hydrogen bonds or electrostatic interactions between the carboxyl group of the comonomer and the imino group of UDMA is necessary for the production good mechanical properties .
Potential as a matrix resin To verify the usefulness of UDMA/MEP and UDMA/MAA resins , we compared with a typical matrix resin, the Bis-GMA/TEGDMA/UDMA (mole fraction: 0 .19/0.48/0.33) resin. The findings after polymerization under the same conditions and immersed in water are shown in Fig. 5 . The UDMA/MEP and UDMA/MAA resins presented flexural strength, flexural modulus and work of fracture values higher than Bis-GMA/ TEGDMA/UDMA resin, with significant differences. Especially concerning UDMA/ MAA resin, its work of fracture value was 3 fold higher than for Bis-GMA/ TEGDMA/UDMA resin. This occurs because the maximum deflection is higher even with high flexural strength and modulus values. Generally, when the flexural modulus increases, the maximum deflection decreases and the resin becomes more brittle . However, UDMA/MAA resin is an excellent resin with unique mechanical properties , different from the conventional resin concepts. The UDMA/MAA and UDMA/MEP resins are stronger, more rigid and tougher than conventional dental matrix resin , and the monomer solution is as viscose as the conventional dental matrix resin 
